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HIGH YI ELD RATIO AND HIGH-STRENGTH THIN STEEL SHEET 
SOPERIOR I N WELDABILITY AND DUCTILITY. HIGH-YIELD RATIO 
■ HIGH-STRE NGTH HOT-DIP GALVANIZED THIN STEEL SHEET, HIGH- 
YIELD RATIO H IGH-STRENGTH HOT-DIP GALVANNEALED 
THIN STE EL SHEET. AND METHODS OF PRODUCTION OF SAMR 

TECHNICAL FIELD 

The present invention relates to high-strength thin 
steel sheet high in yield ratio and superior in 
weldability and ductility, high-strength hot-dip 
galvanized thin steel sheet comprised of said thin steel 
sheet treated by hot-dip galvanizing, hot -dip 
15 galvannealed thin steel sheet treated by alloying 
suitable for automobiles, building materials, home 
electric appliances, etc. and methods of production of 
the same . 

BACKGROUND ART 

In recent years, demand for high-strength steel 
sheet with a good workability designed for improvement of 
the fuel efficiency and improvement of the durability of 
automobile frames and members has been rising. In 
addition, steel sheet of a tensile strength of the 780 
MPa class or more is being used for frame parts or 
reinforcement or other members from the need for 
collision safety and expanded cabin space. 

The first important thing with steel sheet for a 
frame is its spot weldability. Frame parts absorb impact 
at the time of collision and thereby function to protect 
the passengers. If a spot weld zone is not sufficient in 
strength, it will break at the time of collision and 
sufficient collision energy absorption performance will 
not be able to be obtained. 

Technology regarding high-strength steel sheet 
considering weldability is, for example, disclosed in 
Japanese Patent Publication (A) No. 2003-193194 and 
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Japanese Patent Publication (A) No, 2000-80440. Further, 
weldability is also studied in Japanese Patent 
Publication (A) No. 57-110650, but this only discusses 
flush butt weldability and does not disclose anything 
regarding technology for improving the spot weldability 
important in the present invention. 

Next, a high yield strength is important. That is, a 
high yield ratio material is superior in collision energy 
absorption ability. To obtain a high yield ratio, making 
the structure a bainite structure is useful. Japanese 
Patent Publication (A) No. 2001-355043 discloses steel 
sheet having a bainite structure as a main phase and a 
method of production of the same. 

Finally, the workability of the steel sheet, that 
15 is, the ductility, bendability, stretch flange 

formability, etc. are important. For example, "CAMP-ISIJ 
vol. 13 (2000) p. 395" discloses, regarding hole- 
expandability, that making the main phase bainite 
improves the hole-expandability and, regarding the punch 
stretch formability, that forming residual austenite in a 
second phase results in a punch stretchability on a par 
with current residual austenite steel. 

Further, it discloses that if performing 
austempering at the Ms temperature or less to form 2 to 3 
vol% residual austenite, the tensile strength x hole- 
expandability becomes maximum. 

Further, to increase the ductility of high-strength 
materials, the general practice' is to make positive use 
of a composite structure. 

However, when using martensite or residual austenite 
as a second phase, the hole-expandability ends up 
remarkably dropping. This problem is for example 
disclosed in "CAMP-ISIJ vol. 13 (2000), p. 391". 

Further, the above document discloses that if making 
the main phase ferrite, making the second phase 
martensite, and reducing the difference in hardness 
between the two, the hole-expandability is improved. 
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Further, an example of steel sheet superior in hole- 
expandability and ductility is disclosed in Japanese 
Patent Publication (A) No. 2001-366043. 

However, steel sheet having a tensile strength of 
780 MPa or more provided with a high yield ratio and good 
ductility and further good in spot weldability cannot be 
said to have been sufficiently studied. 

In particular, regarding spot weldability, with 
high-strength steel sheet, rather the weld zone strength 
falls. If welding by a welding current of the expulsion 
and surface flash region, the weld zone strength will 
remarkably drop or fluctuate. This problem is becoming a 
factor blocking expansion of the high-strength steel 
sheet market. 
15 SUMMARY OF THE INVENTION 

An object of the present invention is to provide 
thin steel sheet having a maximum tensile strength of 780 
MPa or more, high in yield ratio, and provided with 
ductility and weldability enabling it to be used for 
20 automobile frame parts. 

In the past, to meet the many needs required for 
steel sheet, improvement has been aimed at by so-called 
"impact addition" considering only the impacts of 
elements such as Si, Mn/ Ti, Nb, Mo, and B on the main 
material, for example, only the strength or only the 
weldability, for each of the added elements and among the 
different elements. 

However, these elements do not just affect the main 
material. They also have any effect on the secondary 
materials. For example. Mo has the action of "improving 
the weldability (effect on main material) and improving 
the strength, while lowering the ductility (effect on 
secondary materials)", so steel sheet in which a large 
number of these elements are added to satisfy all of the 
diversifying needs exhibits improvement due to the effect 
on the main material, but not the amount of improvement 
expected or exhibits unexpected deficiencies in 
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performance due to the effect on secondary materials, 
that is, it was difficult to satisfy all of the needs. 

To deal with this, upper and lower limits have been 
set for the amounts of addition of these elements, but 
even this cannot be said to be sufficient. 

In particular, up to now there has not been any 
range of limitation of components satisfying all at once 
the high yield ratio and ductility and weldability 
required for recent automobile frame parts. This has 
become one of the challenges to be solved by R&D 
personnel . 

Therefore, the inventors engaged in various studies 
to provide the above steel sheet and as a result took 
note of the relationship between the range of Si and 
specific elements and discovered that when Si is in a 
specific range considerably narrower than usual, by 
making the contents of Ti, Nb, Mo, and B specific ranges 
and making the total amount of addition within a suitable 
range by a relation using specific coefficients to 
balance the different elements with each other, a high 
yield ratio and ductility can both be achieved and 
weldability can also be provided and further discovered 
that by producing the sheet under suitable hot-rolling 
and annealing conditions, these performances can be 
improved more. 

Regarding the yield ratio, the fact that a higher 
ratio is advantageous from the viewpoint of the collision 
absorption energy was explained above, but if too high, 
the shape freezability at the time of press formation 
becomes inferior, so it is important that the yield ratio 
not be 0.92 or more. 

The present invention was completed based on the 
above discovery and has as its gist the following: 

(1) High yield ratio high-strength thin steel sheet 
superior in weldability and ductility, characterized by: 
being comprised of steel containing, by mass%, 

C: over 0.030 to less than 0.10%, 



Si: 0.30 to 0,80%, 

Mn: 1.7 to 3.2%, 

P: 0.001 to 0.02%, 

S: 0.0001 to 0.006%, 

Al: 0,060% or less, 

N: 0.0001 to 0-0070%, 
containing further 

Ti: 0.01 to 0.055%, 

Nb: 0.012 to 0.055%, 

Mo: 0.07 to 0.55%, 

B: 0.0005 to 0.0040%, and 
simultaneously statisfying 

l.l<14xTi (%) +20xNb(%) +3xMo(%) +300xB(%)<3.7, 
the balance comprised of iron and unavoidable impurities, 
and having a yield ratio of 0.64 to less than 0.92, a 
TSxEl of 3320 or more, an YRxTSxEl^^^ of 2320 or more, and 
a maximum tensile strength (TS) of 780 MPa or more. 

(2) High yield ratio high-strength thin steel sheet 
superior in weldability and ductility as set forth in 
(1), characterized by further containing, by mass%, one 
or two of 

Cr: 0.01 to 1.5% 
Ni: 0.01 to 2.0%, 
Cu: 0.001 to 2.0%, 
Co: 0.01 to 1%, 
W: 0.01 to 0.3%. 

(3) High yield ratio high^strength hot-rolled steel 
sheet superior in weldability and ductility as set forth 
in (1) or (2), characterized in that said yield ratio is 
0.68 to less than 0.92 and in that an X-ray intensity 
ratio of a {110} plane parallel to the sheet surface at 
1/8 the thickness of the steel sheet is 1.0 or more, 

(4) High yield ratio high-strength cold-rolled 
steel sheet superior in weldability and ductility as set 
forth in (1) or (2), characterized in that said yield 
ratio is 0.64 to less than 0.90 and in that an X-ray 
intensity ratio of a {110} plane parallel to the sheet 
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surface at 1/8 the thickness of the steel sheet is less 
than l.O. 

(5) High yield ratio high-strength hot-dip 
galvanized steel sheet superior in weldability and 
ductility, characterized by comprising hot-rolled steel 
sheet comprised of the chemical components described in 
(3) and hot-dip galvanized. 

(6) High yield ratio high-strength hot-dip 
galvanized steel sheet superior in weldability and 
ductility^ characterized by comprising hot^-rolled steel 
sheet comprised of the chemical components described in 

(3) , hot-dip galvanized, and alloyed. 

(7) High yield ratio high-strength hot-dip 
galvanized steel sheet superior in weldability and 

15 ductility characterized by comprising cold-rolled steel 

sheet comprised of the chemical components described in 

(4) and hot-dip galvanized. 

(8) High yield ratio high-strength hot-dip 
galvanized steel sheet superior in weldability and 

20 ductility characterized by comprising cold-rolled steel 

sheet comprised of the chemical components described in 
(4), hot-dip galvanized, and ailoyed- 

(9) A method of production of high yield ratio high- 
strength hot-dip galvanized hot-rolled steel sheet 

25 superior in weldability and ductility, characterized by; 

heating a cast slab comprised of the chemical components 
described in (3) to 1160''C or more directly or after once 
cooling, hot-rolling it ending at the Ar3 transformation 
temperature or more, then cooling the sheet from the end 

30 of hot-rolling to 650**C by an average cooling rate of 25 

to lO'^C/sec and coiling it at 700''C or less in 
temperature . 

(10) A method of production of high yield ratio 
high-strength hot-dip galvannealed hot-rolled steel sheet 

35 superior in weldability and ductility, characterized by; 

heating a cast slab comprised of the chemical components 



described in (5) to 1160*^C or more directly or after once 
cooling, hot-rolling it ending at the Ar3 transformation 
temperature or more, cooling the sheet from the end of 
hot-rolling to 650°C by an average cooling rate of 25 to 
70''C/sec, coiling it at 700°C or less in temperature, then 
running ir through a hot-dip galvanizing line during 
which making the maximum heating temperature SOO°C to 
950°C, cooling it to (zinc-coating bath temperature-4 0 ) °C 
to (zinc-coating bath temperature+50) °C, then dipping it 
in a zinc-coating bath and giving it a skin-pass of a 
reduction rate of 0.r% or more- 

(11) A method of production of high yield ratio 
high-strength hot-dip galvannealed hot-rolled steel sheet 
superior in weldability and ductility, characterized by; 
heating a cast slab comprised of the chemical components 
described in (6) to 1160''C or more directly or after 
cooling once, hot-rolling it ending at the Ar3 
transformation temperature or more, cooling the sheet 
from the end of hot-rolling to 650°C by an average cooling 
rate of 25 to 70°C/sec, coiling it at 700°C or less in 
temperature, then running it through a hot-dip 
galvanizing line during which making the maximum heating 
temperature 500*^0 to 950°C, cooling it to (zinc-coating 
bath temperature^4 0) *C to (zinc-coating bath 
temperature+50 ) then dipping it in a zinc-coating bath, 
then alloying it at 480''C or more in temperature and 
giving a skin-pass of a reduction rate of 0,1% or more. 

(12) A method of production of high yield ratio 
high-strength cold-rolled steel sheet superior in 
weldability and ductility, characterized by; heating a 
cast slab comprised of the chemical components described 
in (4) to 1160**C or more directly or after once cooling, 
hot-rolling it ending at Ara transformation temperature or 
more, cooling the sheet from the end of hot-rolling to 
G50^C by an average cooling rate of 25 to 70^C/sec, 
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coiling it at 750°C or less in temperature, pickling it^ 
then cold-rolling it at a reduction rate of 30 to 80%, 
running it through a continuous annealing line during 
which making the average heating rate until 700*^0 10 to 
5 30**C/sec and making the maximum heating temperature 750''C 

to 950**C/ cooling in the cooling process after heating by 
an average cooling rate in the range of 500 to 600^C of 
S°C/sec or more, then giving it a skin-pass of a reduction 
rate of 0.1% or more. 

10 (13) A method of production of high yield ratio 

high-strength hot-dip galvanized steel sheet superior in 
weldability and ductility, characterized by; heating a 
cast slab comprised of the chemical components described 
in (7) to 1160**C or more directly or after cooling once,. 

15 hot-rolling it ending at the Ar^ transformation 

temperature or more, cooling the sheet from the end of 
hot-rolling to 650**C by an average cooling rate of 25 to 
70°C/sec, coiling it at 750'*C or less in temperature, 
pickling it, then cold-rolling it by a reduction rate of 

20 30 to 80%/ running it through a hot-dip galvanizing line 

during which making the average heating rate up to 700°C 
10 to 30^C/sec and making the maximum heating temperature 
750*^0 to 950^C, cooling it in the cooling process after 
heating by an average cooling rate in the range of 500 to 

25 600^C of 5**C/sec or more, cooling it to (zinc-coating bath 

temperature-40) ""C to (zinc-coating bath temperature+50 ) "^C, 
dipping it in a zinc-coating bath, and giving it a skin- 
pass of a reduction rate of 0.1% or more, 

(14) A method of production of high yield ratio 

30 high-strength hot-dip galvannealed steel sheet superior 

in weldability and ductility, characterized by; heating a 
cast slab comprised of the chemical components described 
in (8) to lieo^C or more directly or after cooling once, 
hot-rolling it ending at the Ars transformation 

35 temperature or more, cooling the sheet from the end of 
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hot-rolling to 650*C by a cooling rate of 25 to lO'^C/seo, 
coiling at 750°C in temperature, pickling it, then cold- 
rolling it by a reduction rate of 30 to 80%, running it 
through a hot-dip galvanizing line during which making 
5 the average heating rate up to 700°C 10 to 30°C/sec and 
making the maximum heating temperature 750*C to 950°C, 
cooling it in the cooling process after heating by an 
average cooling in the range of 500 to eOO'^C of S^'C/sec or 
more, cooling it to (zinc-coating bath temperaturG-40 ) ''C 

10 to (zinc-coating bath temperature+50 ) dipping it in a 

zinc-coating bath, then alloying it at ^SO^'C or more in 
temperature, and giving a skin-pass of a reduction rate 
of 0.1% or more. 

THE MOST PREFERRED EMBODIMENT 

15 Below, the present invention will be explained in 

detail. 

First, the reasons for limitation of the chemical 
components of the cast slabs in the present invention 
will be explained. Note that "%" means "mass%". 

20 C: over 0.030% to less than 0.10% 

C is an element effective for obtaining high- 
strength^ so addition over 0.030% is necessary. On the 
other hand, if 0,10% or more, the weldability 
deteriorates and, when used for frame parts of automobile 

25 frames and members, problems arise in terms of the bond 

strength or fatigue strength in some cases. 

Further, if 0.10% or more, the hole-expandability 
deteriorates, so 0.10% is made the upper limit. 0.035 to 
0.09% is a more preferable range. 

30 Si: 0.30 to 0.80% 

Si is important in the present invention. That is. 
Si must be 0.30 to 0,80%. Si is widely known as an 
element for improving the ductility. On the other hand, 
there is little knowledge of the effect of Si on the 

35 yield ratio or of the weldability. The range of the 

amount of Si is the range obtained as a result of study 



by the inventors. 

Steel sheet never before seen, that is, with the 
effect of making the amount of Si this range, that is, 
provision of a predetermined yield ratio, ductility, and 
weldability, is first realized by the copresence of the 
later explained predetermined amount of Mn and the 
amounts of Ti, Nb, Mo, and B. 

In particular, it is common knowledge that the 
weldability deteriorates if Si is added, but the 
inventors discovered that by adding Si in the copresence 
of the above-mentioned five types of element in this way, 
rather the TSS or CTS is improved and in particular good 
properties can be maintained in the expulsion and surface 
flash region . 

In the present invention, good ductility and yield 
ratio are secured by adding 0.30% or more of Si. Further, 
Si suppresses the formation of relatively coarse carbides 
and improves the hole-expandability. 

Excessive addition of Si degrades the coatability 
and also has a detrimental effect on the weldability, 
ductility, and yield ratio, so 0.80% is made the upper 
limit. 0.65% is a more preferable upper limit. 

Mn: 1.7 to 3.2% 

Mn suppresses the ferrite transformation and makes 
the main phase bainite or bainitic ferrite so acts to 
form a uniform structure. Further, it acts to lower the 
strength and to suppress the precipitation of carbides, 
one of the factors behind deterioration of the hole- 
expandability, and the formation of pearlite. Further, Mn 
is effective for improving the yield ratio. 

Therefore, 1.7% or more is added. If less than 1.7%, 
composite addition with Si, Mo, Ti, Nb, and B cannot 
achieve both a high yield ratio and good ductility while 
with a low c. 

However, excessive addition causes deterioration of 
the weldability and also promotes the formation of a 
large amount of martensite and invites a remarkable drop 



in the ductility and hole^expandability due to 
segregation etc., so 3.2% is made the upper limit. 1 . 8 to 
2-6% is a more preferable range. 
P: 0.001 to 0.02% 

P is a strengthening element, but excessive addition 
causes the hole-expandability and bendability and further 
the weld zone bond strength or fatigue strength to 
deteriorate, so the upper limit is made 0.02%, On the 
other hand, excessively lowering the P is disadvantage 
economically, so 0.001% is made the lower limit. 0.003 to 
0.014% in range is a more preferable range. 

S: 0.0001 to 0.006% 

Excessively lowering the S is disadvantageous 
economically, so 0.0001% is made the lower limit. On the 
other hand, addition over 0.006% has a detrimental effect 
on the steel sheet hole-expandability or bendability and 
further the weld zone bond strength or fatigue strength, 
so 0.006% is made the upper limit. More preferably, 
0.003% is made the upper limit. 

Al: 0.060% or less 

Al is effective as a deoxidizing element, but 
excessive addition causes the formation of coarse Al- 
based inclusions, for example, alumina clusters, and 
degradation of the bendability and hole-expandability. 
For this reason, 0.060% is made the upper limit. 

The lower limit is not particularly limited, but 
deoxidation is- performed by'Al. Further, reducing the 
remaining amount of Al to 0.003% or less is difficult. 
Therefore, 0.003% is the substantive lower limit. When 
the deoxidation is performed by an element other than Al 
or an element other than Al is used together, however, 
this does not necessarily apply. 

N: 0,0001 to 0.0070% 

N is helpful for increasing the strength or 
imparting a BH property (baking hardening property) , but 
if added in too great an amount, crude compounds are 
formed and the bendability and hole-expandability are 
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degraded, so 0.0070% is raade the upper limit • 

On the other hand, making the amount less. than 
0.0001% is technically extremely difficult, so 0,0001% is 
made the lower limit. 0.0010 to 0.0040% is a more 
preferable range. 

Ti: 0.01 to 0.055% 

Nb: 0.012 to 0.055% 

Mo: 0.07 to 0.55% 

B: 0.0005 to 0.0040% 

These elements are extremely important in the 
present invention. That is, by simultaneously adding 
these four types of elements with Si and Mn, a high yield 
ratio is obtained and the ductility required for shaping 
frame parts can be first secured. 

Further, it is known that addition of Si or Mn 
degrades the weldability, but by simultaneously adding 
these four types of elements in predetermined amounts, a 
good weldability can be secured. 

The fact that the above composite addition achieves 
the above effects was discovered for the first time by 
the inventors as a result of intensive study with the 
goal of creating steel provided with both weldability and 
ductility and further a high yield ratio. 

The amounts of these element are determined from 
this viewpoint. Outside of this range, a sufficient 
effect cannot be obtained. A more preferable range is ti: 
0.018 to less than 0.030%, Nb: 0.017 to 0.036%, Mo: 0.08 
to less than 0.30%, and B: 0.0011 to 0.0033%. 

Further, by having the contents of Ti, Nb, Mo, and B 
satisfy the following relation in a specific range of Si 

1 . l<14xTi ( % ) ^^20xNb ( % ) +3xMo (% ) -fSOOxB ( % > <3 . 7 , 
more preferably, 

1.5<14xTi(%) +20xNb(%) +3xMo(%) +300xB(%)^2.8, 
a high yield ratio and ductility and weldability can be 
secured with a good balance. 

The reason why by satisfying the above relationship 
in a specific range of Si, a high yield ratio and 
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ductility and weldability can be secured with a good 
balance is not clear, but it is believed that the 
strength of the ferrite and the hardness of the bainite 
are suitably balanced and the contradictory 
characteristics of a high yield ratio and good ductility 
can be both achieved . 

Further, for the weld zone as well, it is believed 
that the distribution of the hardness of the nuggets and 
HAZ (heat affected zone) becomes smooth- The range of the 
above relationship was made 1.1 to 3*7. if less than 1.1, 
a high yield ratio is difficult to obtain and the weld 
strength also falls. 

Further, if over 3.7, the ductility deteriorates, so 
3-7 is made the upper' limit. A more preferable range is 

1 . 5<1 4xTi ( % ) +2 OxNb ( % ) +3xMo (%)+300xB(%)<2.8. 

The yield ratio of the steel sheet obtained in the 
present invention is, with a hot-rolled steel sheet, 0.68 
to less than 0.92 and, further, with a cold-rolled steel 
sheet, 0,64 to less than 0.90. If less than 0.68 in the 
case of hot-rolled steel sheet and if less than 0.64 in 
the case of cold-roiled steel sheet, a sufficient 
collision safety cannot be secured in some cases* 

On the other hand, if 0.92 or more in the case of 
hot-rolled steel sheet and if 0.90 or more in the case of 
cold-rolled steel sheet, the shape freezability at the 
time of press formation deteriorates, so the upper limit 
is made less than 0.92 in the case of hot-rolled steel 
sheet and less than 0.90 in the case of cold-rolled steel 
sheet . 

In the case of hot-rolled steel sheet, the ratio is 
more preferably 0.72 to 0.90, still more preferably 0.76 
to 0.88. Further, in the case of cold-rolled steel sheet, 
the ratio is more preferably 0.68 to 0.88, still more 
preferably 0.74 to 0.86. Note that the yield ratio is 
evaluated by a JIS No. 5 tensile test piece having a 
direction perpendicular to the rolling direction as a 
tensile direction. 
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In the hot-rolled steel sheet of the present 
invention, an X-ray intensity ratio of a {110} plane 
parallel to the sheet surface at 1/8 the thickness of the 
steel sheet is 1.0 or more. Due to this, the drawability 
5 in the 45"* direction with respect to the rolling direction 
is improved in some cases. Further, in the hot-rolled 
steel sheet of the present invention, to make the X-ray 
intensity ratio less than 1.0, lubrication rolling etc. 
is necessary and the cost rises. The above X-ray 

10 intensity ratio is preferably 1.3 or more. 

In the cold-rolled steel sheet of the present 
invention, an X-ray intensity ratio of a {110} plane 
parallel to the sheet surface at 1/8 the thickness of the 
steel sheet is less than 1.0. If this X-ray intensity 

15 ratio is 1.0 or more, the formability deteriorates in 
some cases. Further, in the cold-rolled steel sheet of 
the present invention, to make the X-ray intensity ratio 
1.0 or more, special rolling or annealing is necessary 
and the cost rises. The above X-ray intensity ratio is 

20 preferably less than 0.8. 

Note that the measurement of the planar X-ray 
intensity ratio may for example be performed by the 
method described in New Version Cullity Scattering Theory 
of X-Ray (issued 1986, translated into Japanese by 

25 Gentaro Matsumura, Agne) , pp. 290 to 292. 

The "planar intensity ratio" means the value of the 
{110} plane X-ray intensity of the steel sheet of the 
present invention indexed to the {110} plane X-ray 
intensity of a standard sample (random orientation 

30 sample) . 

"1/8 the thickness of the steel sheet" means the 
plane 1/8 of the thickness inside from the surface of the 
sheet toward the center when designating the total sheet 
thickness as "1". When preparing the samples, it is 

35 difficult to accurately cut away 1/8 of the layer, so a 

range of 3/32 to 5/32 the thickness of the steel sheet is 
defined as 1/8 the thickness. 
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At the time of preparation of the samples, the 
samples are roughly finished by machine polishing, 
finished by #800 to 1200 or so abrasive paper, and 
finally stripped of 20 microns or more in thickness by 
chemical polishing. 

The spot weldability of the steel sheet obtained by 
the present invention is characterized by a small margin 
of deterioration of the tensile load (CTS) compared with 
the CTS by a cross-joint tensile test when welding by a 
welding current immediately before expulsion and surface 
flash even if the welding current becomes the expulsion 
and surface flash region. 

That is, with ordinary steel sheet, if welding 
accompanied with expulsion and surface flash, the CTS 
sharply drops and the fluctuation of the CTS becomes 
greater, while in the steel sheet of the present 
invention, the rate of drop and fluctuation of the CTS 
become small. 

When indexed to the minimum value of CTS when 
welding test pieces by a welding current of CE 10 times 
as "1", the minimum value of the CTS when welding by a 
welding current of the region of occurrence of expulsion 
and surface flash, that is, (CE+1.5)kA, is made 0.7 or 
more. 

The minimum value is preferably 0 . 8 or more, more 
preferably 0.9 or more. Note that CTS is evaluated based 
on the method of JIS 2 3137. 

Next, the requirements defined in the invention of 
the above (2) will be explained. 

Cr: 0.01 to 1.5% 

Cr is effective for increasing the strength and also 
improves the bendability and hole-expandability through 
the suppression of formation of carbides and through the 
formation of bainite and bainitic ferrite. Further, Cr is 
also an element resulting in small degradation of the 
weldability in proportion to the effect on increasing the 
strength, so is added in accordance with need. 
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If added in an amount of 'less than 0.01%, no 
remarkable effect can be obtained, so 0,01% is made the 
lower limit. On the other hand, if added in an amount of 
over 1.5%, it has a detrimental effect on the workability 
and coatability, so 1.5% is made the upper limit. 
Preferably, the amount is 0.2 to 0.8%. 

Ni: 0.01 to 2.0% 

Cu: 0.001 to 2.0% 

The steel sheet of the present invention may also 
contain Cu and/or Ni for the purpose of improving the 
coatability without having a detrimental effect on the 
strength-expandability balance. Ni is added in an amount 
of 0.01% or more for the purpose of not only improving 
the coatability, but also improving the hardenability . 

On the other hand, addition in an amount of over 
2.0% increases the alloy cost and has a detrimental 
effect on the workability, in particular contributes to a 
rise in hardness along with formation of martensite, so 
2.0% is made the upper limit. 

Cu ^is added in an amount of 0.001% or more not only 
for improving the coatability, but also for the purpose 
of improving the strength. On the other hand, if added in 
an amount of over 2.0%, it has a detrimental effect on 
the workability and recyclability, so 2.0% is made the 
upper limit. 

In the case of the steel sheet of the present 
invention. Si is included, so making the amount of Ni 
0.2% or more and/or the amount of Cu 0.1% or more is 
preferable from the viewpoints of the coatability and 
alloying reactivity. 

Co: 0,01 to 1% 

W: 0.01 to 0.3% 

The steel sheet of the present invention may further 
contain one or both of Co and W. 

Co is added in an amount of 0.01% or more for 
maintaining a good balance of the strength-expandability 
(and bendability) by control of bainite transformation. 
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However, Co is an expensive element. Addition of a large 
amount impairs the economicalnesSr so addition of 1% or 
less is preferable. 

W has a strengthening effect at 0.01% or more, so 
5 the lower limit is made 0.01%. On the other hand, 

addition over 0.3% has a detrimental effect on the 
workability, so 0.3% is made the upper limit ♦ 

Further, the steel sheet of the present invention 
may include, for further improving the balance of the 

10 strength and hole-expandability, one or more of the 

strong carbide-forming elements Zr, Hf, Ta, and V in a 
total of 0.001% or more. On the other hand, large 
addition of these elements invites deterioration of the 
ductility and hot workability, so the upper limit of the 

15 total amount of addition of one or more of these is made 
1%. 

Further, Ca, Mg, La, Y, and Ce contribute to control 
of inclusions, in particular fine dispersion, by addition 
in suitable quantities, so one or more of these elements 

20 may be added in a total amount of 0.0001% or more. On the 
other hand, excessive addition of these elements causes a 
drop in the castability, hot workability, and other 
production properties and the ductility of the steel 
sheet product, so 0.5% is made the upper limit. 

25 REMs other than La, Y, and Ce contribute to control 

of inclusions, in particular fine dispersion, by addition 
in suitable quantities, so in accordance with need, 
0.0001% or more is added- On the other hand, excessive 
addition of the above REMs not only leads to increased 

30 cost, but also reduces the castability, hot workability, 
and other production properties and the ductility of the 
steel sheet product, so 0.5% is made the upper limit. 

As unavoidable impurities, for example, there are 
Sn, Sb, etc., but even if these elements are included in 

35 a total of 0.2% or less, the effect of the present 
invention is not impaired. 

O is not particularly limited, but if a suitable 
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quantity is included, it is effective for improving the 
bendability and hole-expandability. On the other hand, if 
too great, conversely it degrades these characteristics, 
so the amount of O is preferably made 0.0005 to 0.004%, 

The steel sheet is not particularly limited in 
microstructure, but to obtain a high yield ratio and good 
ductility, bainite or bainitic ferrite is suitable as the 
main phase. This is made 30% or more in area rate. 

The "bainite" referred to here includes upper 
bainite where carbides are formed at the lath boundaries 
and lower bainite where fine carbides are formed in the 
laths. 

Further, bainitic ferrite means carbide-free 
bainite. For example, acicular ferrite is one example. 

To improve the hole-expandability and bendability, 
it is preferable that lower bainite with carbides finely 
dispersed in it or bainitic ferrite or ferrite with no 
carbides form the main phase and have an area rate of 
over 85%. 

In general, ferrite is soft and reduces the yield 
ratio of the steel sheet, but this does not apply to high 
dislocation density ferrite such as unrecrystallized 
ferrite. 

Note that the above microstructure phases, ferrite, 
bainitic ferrite, bainite, austenite, martensite, 
interfacial oxidation phase, and residual structure may 
be identified, the positions of presence may be observed, 
and the area rates may be measured by using a Nytal 
reagent and a reagent disclosed in Japanese Patent 
Publication (A) No. 59-219473 to corrode the steel sheet 
in the cross section in the rolling direction or cross 
section in a direction perpendicular to the rolling and 
observing it by a 500X to lOOOX power optical microscope 
and/or observing it by a lOOOX to lOOOOOX electron 
microscope {scan type and transmission type) . 

At least 20 fields each can be observed and the 
point count method or image analysis used to find the 



area rate of the different phases. 

TSxEl is preferably TSxEli3320 for obtaining a 
superior ductility assuming a high-strength steel sheet 
having a tensile strength of 780 MPa or more. If less 
than 3320, the ductility cannot be secured in many cases 
and the balance of strength and ductility is lost. 

Further, YRxTSxEl^''^ is preferably yRxTSxE1^^^^2320 or 
more in order to obtain a high yield ratio and superior 
ductility assuming a high-strength steel sheet having a 
tensile strength of 780 MPa or more. If less than 2320, 
the yield ratio or ductility cannot be secured in many 
cases and the balance is poor. 

Next, the inventions of the above (9), (10), and 
(11), that is, the methods of production of the high 
yield ratio high-strength hot-rolled steel sheet superior 
in weldability and ductility, high yield ratio high- 
strength hot-dip galvanized hot-rolled steel sheet, and 
high yield ratio high-strength hot-dip galvannealed hot- 
rolled steel sheet will be explained. 

The steel components may be adjusted by the usual 
blast furnace-converter method or an electric furnace 
etc. 

The casting method is also not particularly limited. 
The usual continuous casting method, ingot method, or 
thin slab casting may be used to produce a cast slab. 

The cast slab may be cooled once, reheated, - then 
hot-rolled or may be directly hot-rolled without cooling. 

Once the temperature falls below 1160*C, the sheet is 
heated to 1160*'C or more. If the heating temperature is 
less than 1160**C, due to segregation and other effects, 
the product deteriorates in bendability and hole- 
expandability, so 1160°C is made the lower limit. 
Preferably, the temperature is made 1200**C or more, more 
preferably 1230^C or more. 

The final finishing temperature of the hot-rolling 
is made the Ar3 transformation temperature or more. If 



this temperature becomes less than the Ar3 transformation 
temperature, the hot-rolled sheet is formed with ferrite 
grains flattened in the rolling direction and the 
ductility and bendability deteriorate . 

The sheet is cooled from the end of hot-rolling to 
650^C by an average cooling rate of 25 to 70**C/sec. If 
less than 25**C/sec, a high yield ratio becomes difficult 
to obtain, while if over 70*C/sec, the ductility 
deteriorates in some cases. 35 to 50**C/sec is a more 
preferable range. 

After the hot-rolling, the sheet is coiled at 700*='C 
or less. If this coiling temperature is over 700°C, the 
hot-rolled structure is formed with ferrite or pearlite 
in large quantities and a* high yield ratio cannot be 
obtained. The coiling temperature is preferably 650**C or 
less, 600°C is more preferable. 

The lower limit of the coiling temperature is not 
particularly set, but making it less than room 
temperature is difficult, so room temperature is made the 
lower limit. If considering securing the ductility, 400°C 
or more is more preferable. 

Note that roughly rolled bars may be joined for 
continuous finishing hot^-rolling . At this time, the 
roughly rolled bar may be coiled up once. 

The thus produced hot-rolled steel sheet is pickled, 
then the steel sheet may be given a skin-pass in 
accordance with need. To correct the shape, improve the 
ordinary temperature aging resistance, adjust the 
strength, etc., it may be performed up to a reduction 
rate of 4.0%. 

If the reduction rate is over 4.0%, the ductility 
remarkably deteriorates, so 4.0% is made the upper limit. 
On the other hand, if the reduction rate is less than 
0.1%, the effect is small and control is difficult, so 
0.1% is the lower limit. 

The skin-pass may be given in-line or off-line. 



. Further, the skin-pass may be performed at the target 
reduction rate once or may be given divided into several 
operations . 

When running the thus produced hot-rolled steel 
sheet through the hot-dip galvanizing line to give a hot- 
dip galvanizing, the maximum heating temperature is made 
SOO^C to 950'='C- If less than 500°C, when the steel sheet 
is inserted into the coating bath, the steel sheet 
temperature ends up becoming 400°C. As a result, the 
coating bath temperature falls and the productivity 
falls. 

On the other hand, if over 950**C, sheet breakage and 
degradation of the surface conditions are induced, so 
DSO'^C is made the upper limit. 600^C to less than 900^C is 
a more preferable range. 

In the case of a hot-dip galvanizing line comprised 
of a so-called nonoxidizing furnace (NOF) -reducing 
furnace (RF) , making the air ratio in the nonoxidizing 
furnace 0.9 to 1.2 promotes oxidation of the iron, 
enables the iron oxide at the surface to be converted to 
metal iron by the following reduction treatment, and 
thereby enables improvement of the coatability and 
alloying reactivity. 

Further, in a hot-dip galvanizing line of a type 
with no NOF, making the condensation point-20**C or more 
works effectively for coatability and alloying 
reactivity- 

The sheet temperature before dipping in the coating 
bath is important for maintaining the coating bath 
temperature constant and securing production efficiency. 
A (zinc-coating bath temperature-40 ) °C to {zinc-coating 
bath temperatur€-f50)*»C in range is preferable, while a 
(zinc-coating bath temperature-10) to (zinc-coating bath 
temperature+30) is more preferable in range. If this 
temperature is less than (zinc-coating bath temperature- 
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40) the yield ratio will fall below 0.68 in some cases. 

After this alloying treatment, the sheet is heated 
to a temperature of 480*'C or more and the zinc-coating 
layer is reacted with iron to obtain a Zn-Fe alloy layer - 
5 If this temperature is less than 4 80°C, the alloying 

reaction does not sufficiently progress, so 480'*C is made 
the lower limit . 

The upper limit is not particularly provided, but if 
600*^0 or more, the alloying proceeds too much and the 
10 coating layer easily peels off, so less than eOC'C is 
preferable. 

After the hot-dip galvanizing or after the alloying 
treatment, to correct the shape, improve the ordinary 
temperature aging resistance, adjust the strength, etc., 

15 a skin-pass of a 0.1% or greater reduction rate is given. 
If less than 0.1%, a sufficient effect cannot be 
obtained. The upper limit of the reduction rate is not 
particularly provided. In accordance with need, a skin- 
pass of up to a reduction rate of 5% is given. The skin- 

20 pass may be performed either in-line or off-line and may 
be given divided into a plurality of operations. 

The hot-rolled steel sheet of the present- invention 
is superior in weldability as well. As explained above, 
it exhibits particularly superior properties with respect 

25 to spot welding. In addition, it is also compatible with 

the usually performed welding methods, for example, arc, 
TIG, MIG, mash seam, laser, and other welding methods. 

The hot-rolled steel sheet of the present invention 
is also suitable for hot pressing. That is, the steel 

30 sheet may be heated to 900''C or more in temperature, then 
press formed and quenched to obtain a shaped product with 
a high yield ratio. Further, this shaped product is also 
superior in subsequent weldability. Further, the hot- 
rolled steel sheet of the present invention is also 

35 superior in resistance to hydrogen embrittlement . 

Next, the inventions of the above (12), (13), and 



(14), that is, the methods of production of high yield 
ratio high-strength cold-rolled steel sheet superior in 
weldability and ductility, high yield ratio high-strength 
hot-dip galvanized steel sheet, and high yield ratio 
high-strength hot-dip galvannealed steel sheet will be 
explained. 

The steel components may be adjusted by the usual 
blast furnace-converter method or also electric furnace 
etc- 

The casting method is also not particularly limited. 
The usual continuous casting method or ingot method or 
thin slab casting may be used to produce a cast slab. 

The cast slab may be cooled once, reheated, then 
hot-rolled. It may also be directly hot-rolled without 
cooling. Once becoming less than 1160*^C, it is heated to 
1160°C or more. 

If the heating temperature is less than 1160**C, due 
to segregation and other effects, the product 
deteriorates in bendability and hole-e>cpandability, so 
1160**C is made the lower limit. Preferably, the 

temperature is made 1200°C or more, more preferably 1230°C 
or more . 

The final finishing temperature of hot-rolling is 
made the Ars transformation temperature or more. If this 
temperature is less than the Ara transformation 
temperature, the hot-rolled sheet ends up with ferrite 
particles flattened in the rolling direction and the 
ductility and bendability deteriorate. 

The sheet is cooled from the end of hot-rolling to 
650**C by an average cooling rate of 25 to 70°C/sec. If 
less than 25**C/sec, a high yield ratio becomes difficult 
to obtain, while conversely if over 70**C/seC/ the cold 
ductility and sheet shape become inferior or the 
ductility deteriorates in some cases. 35 to SO^'C/sec is a 
more preferable range. 
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After hot-rolling, the sheet is coiled at 750°C or 
less. If the temperature is over 750°C^ the hot-rolled 
structure contains a large amount of ferrite or pearlite, 
the final product becomes uneven in structure, and the 
5 bendability and hole-expandability drop. The coiling 

temperature is preferably 650°C or less, more preferably 
600**C or less- 

The lower limit of the coiling temperature is not 
particularly set, but making it less than room 
10 temperature is difficult, so room temperature is made the 
lower limit. If considering securing ductility, 400**C or 
more is more preferable. 

Note that roughly rolled bars may be joined for 
continuous finishing hot-rolling. At this time, the 
15 roughly rolled bar may be coiled up once. 

The thus produced hot-rolled steel sheet is pickled, 
then said steel sheet may be given a skin-pass in 
accordance with need. To correct the shape, improve the 
ordinary temperature aging resistance, adjust the 
20 strength, etc., it may be performed up to a reduction 
rate of 4.0%, If the reduction rate is over 4.0%, the 
ductility remarkably deteriorates, so 4.0% is made the 
upper limit. 

On the other hand, if the reduction rate is less 
25 than 0.1%, the effect is small and the control becomes 

difficult, so 0.1% is the lower limit . 

The skin-pass may be given in-line or off-line. 
Further, it is possible to give a skin-pass of the 
targeted reduction rate at once time or divided into 
30 several times. 

The pickled hot-rolled steel sheet is cold-rolled by 
a reduction rate of 30 to 80% and run through a 
continuous annealing line or hot-dip galvanizing line. If 
the reduction rate is less than 30%, the shape is hard to 
35 maintain flat. Further, if the reduction rate is less 

than 30%, the final product deteriorates in ductility, so 
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the reduction rate is made 30% as a lower limit. 

On the other hand, if making the reduction rate 80% 
or more, the cold-rolling load becomes extremely large, 
so the productivity is obstructed. 40 to 70% is a 
5 preferable reduction rate. 

When run through a continuous annealing line, the 
average heating rate up to 700*^0 is made 10 to BO^'C/sec. 
If the average heating rate is less than 10**C/sec, the 
high yield ratio becomes difficult to obtain, while 

10 conversely if over SO'^C/sec, a good ductility becomes 
difficult to secure in some cases. The reason is not 
clear, but is believed to be related to the recovery 
behavior of dislocation during heating* 

The maximum heating temperature in the case of 

15 running through a continuous annealing line is 750 to 
950*^0. If less than 750^C, a->y transformation will not 
occur or will occur only slightly, so the final structure 
cannot be made a transformed structure, the yield ratio 
will not become high, and the elongation will be 

20 inferior • Accordingly, a maximum heating temperature of 

750°C is made the lower limit. 

On the other hand, if the maximum heating 
temperature becomes over 950'*C, the sheet deteriorates in 
shape and other trouble is induced, so 950''C is made the 

25 upper limit. 

The heat treatment time in this temperature region 
is not particularly limited, but for making the 
temperature of the steel sheet uniform, 1 sec or more is 
necessary. However, if the heat treatment time is over 10 

30 minutes, formation of grain interfacial oxidation phases 
is promoted and a rise in cost is invited, so a heat 
treatment time of 10 minutes or less is preferable. 

In the cooling process after heating, the sheet is 
cooled by an average cooling rate in the range of 500 to 

35 600^C of 5°C/sec or more. If less than 5°C/sec, pearlite 

is formed^ the yield ratio is lowered, and the 
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bendability and stretch flange formability is degraded in 
some cases. 

After this, in accordance with need, the sheet may 
be heat treated by holding it at 100 to 550**C in range for 
60 sec or more. Due to this heat treatment, the 
elongation and bendability are improved in some cases. If 
the heat treatment temperature is less than 100*'C, the 
effect is small. On the other hand, making it 550**C or 
more is difficult. Preferably, it is 200 to 450**C, 

The reduction rate in the. skin-pass rolling after 
heat treatment is made 0.1% or more. If the reduction 
rate is less- than 0.1%, a sufficient effect cannot be 
obtained. An upper limit of the reduction rate is not 
particularly set, but in accordance with need, the skin- 
pass is performed up to a reduction rate of 5%. The skin- 
pass may be given in-line or off-line and may be given 
divided into a plurality of operations. The more 
preferable range of the reduction rate is 0.3 to 2.0%. 
After the heat treatment, the sheet may be given various 
types of platings or coatings. 

The average heating rate and maximum peak 
temperature up to TOO'^C when running the sheet through a 
hot~dip galvanizing line after cold-rolling are made an 
average heating rate up to 700°C of 10 to 30^C/sec and a 
maximum heating temperature of 750 to 950°C for the same 
reason as the case of running it through a continuous 
annealing line. 

In the case of a hot^dip galvanizing line comprised 
of a so-called nonoxidizing furnace (NOF) -reducing 
furnace (RF) , making the air ratio in the nonoxidizing 
furnace 0.9 to 1.2 promotes oxidation of the iron, 
enables the iron oxide at the surface to be converted to 
metal iron by the following reduction treatment, and 
thereby enables improvement of the coatability and 
alloying reactivity. 

Further, in a hot-dip galvanizing line of a type 



with no NOF, making the condensation point-20**C or more 
works effectively for coatability and alloying 
reactivity. 

In the cooling process after heating, the sheet is 
cooled in the range of 500 to eOO^'C by a cooling rate of 
5**C/5ec or more. If less than 5**C/sec, pearlite forms, the 
yield ratio is lowered, and the bendability and 
elongation flange formability are degraded in some cases. 

The cooling stopping temperature after reaching the 
maximum heating temperature and before dipping in the 
coating bath is made {zinc-coating bath temperature-4 0) *C 
to (zinc-coating bath temperature+50) ^C. If this 
temperature is less than (zinc-coating bath temperature- 
40)**C, the yield ratio falls below 0.64 in some cases • Not 
only this, the heat loss at the time of dipping in the 
coating bath is large and therefore problems arise in 
operation. 

Further, if the cooling stopping temperature exceeds 
(zinc-coating bath temperature+50) ^C, the rise in the 
coating bath temperature leads to problems in operation* 
The zinc-coating bath may also contain elements other 
than zinc in accordance with need. 

Further, when performing the alloying treatment, the 
treatment is performed at 48G°C or more. If the alloying 
temperature is less than 480**C, the progress of the 
alloying is slow and the productivity is poor. The upper 
limit of the alloying treatment temperature is not 
particularly limited, but if over 600''C, pearlite 
transformation occurs, the yield ratio falls, and the 
bendability and hole-expandability deteriorate, so 600**C 
is the substantive upper limit. 

The hot-dip galvanized steel sheet may also be given 
a skin-pass. If the reduction rate of the skin-pass is 
less than 0.1%, a sufficient effect cannot be obtained- 
The upper limit of the reduction rate is not particularly 



set, but in accordance with need a skin-pass is given up 
to a reduction rate of 5%. The skin-pass may be given in- 
line or off-line or may be given divided into a plurality 
of operations. The more preferable range of the reduction 
rate is 0.3 to 2,0%. 

The cold-rolled steel sheet of the present invention 
is also superior in weldability and, as explained above, 
exhibits particularly superior properties with respect to 
spot welding and is, also suitable for other usually 
performed welding methods such as arc, TIG, MIG, mash 
seam, laser, and other welding methods. 

The cold-rolled steel sheet of the present invention 
is also suitable for hot pressing. That is, it is 
possible to heat the steel sheet to 900*C or more in 
temperature, then press form and quench it to obtain a 
shaped product with a high yield ratio. Further, this 
shaped product is also superior in subsequent 
weldability. Further, the cold-rolled steel sheet of the 
present invention is also superior in resistance to 
hydrogen embrittlement • 

Below, examples will be used to explain the present 
invention in further detail. 

Examples 

Examples 1 to 4 are examples according to the hot- 
rolled steel sheet of the present invention - 
Example 1 

Each of the chemical compositions shown in Table 1 
was adjusted in the converter to obtain a slab. The slab 
was heated to 1240**C and hot-rolled ending at more than 
the Ara transformation temperature, that is, 890**C to 
910*^0, to a steel strip of a thickness of 1.8 mm, and 
coiled at 600*»C- 

This steel sheet was pickled, then given a skin-pass 
of a reduction rate shown in Table 2. JIS No. 5 tensile 
strength test pieces were obtained from this steel sheet 
and measured for tensile properties in a direction 
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perpendicular to the rolling direction. 

The spot welding was performed under the next 
conditions (a) to (e) . 

(a) Electrode (dome type) : tip diameter 8 mm<t> 

(b) Applied pressure: 5.6 kN 

(c) Welding current: current (CE) right before 
expulsion and surface flash and {CE+l,5)kA 

(d) Welding time: 17 cycles 

(e) Holding time: 10 cycles 

After welding, JIS Z 3137 was used for a cross- joint 
tensile test. 

When indexed to the minimum value of CTS when 
welding test pieces by a welding current of CE 10 times 
as "1", a minimum value of the CTS when welding by a 
welding current of the region of occurrence of expulsion 
and surface flash, that is, (CE-f 1 . 5) kA, of less than 0.7 
is evaluated as P (poor), of 0.7 to less than 0.8 as G 
(good), and of 0.8 or more as VG (very good) , 

The steel sheet of the present invention is superior 
in weldability, high in yield ratio, and relatively 
superior in ductility as well. 
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• « 

Example 2 

Each of the hot~rolled steel sheets of Example 1 was 
run through a continuous alloying hot-dip galvanizing 
facility for heat treatment and hot-dip galvanizing. At 
this time, the maximum peak temperature was made 850°C, 
The sheet was raised in temperature by a heating rate of 
20*^C/sec to 740*C/ then raised in temperature by a rate of 
temperature rise of 2'*C/sec to 850*'C, then cooled by a 
cooling rate of 0-2'*C/sec to 830**C, then cooled by a 
cooling rate of I'^C/sec to 460*C. 

Next/ the sheet was dipped in a coating tank (bath 
composition: 0.11%A1-Zn, bath temperature: 460**C) , then 
heated by a rate of temperature rise of 3*C/sec to a 
temperature of 520^C to 550°C shown in Table 3, held at 30 
sec for alloying treatment, then cooled. 

The basis weight of the coating was made, on both 
sides, about 50 g/m^. The skin-pass reduction rate was as 
shown in Table 3 . 

JIS No. 5 tensile strength test pieces were obtained 
from each of these steel sheets and measured for tensile 
properties in a direction perpendicular to the rolling 
direction. The tensile properties, coatability, alloying 
reactivity^ and spot weldability of the steel sheets are 
shown in Table 3. 

The spot weldability was evaluated in the same way 
as in Example 1. The coatability and alloying reactivity 
were evaluated in the following way, 

Coatability 

G (good) : no noncoating 
F (fair): some noncoating 
P (poor) : much noncoating • 
Alloying reactivity 

G (good) : no uneven alloying in surface appearance 
F (fair) : some uneven alloying in surface appearance 
P (poor) : much uneven alloying in surface appearance 
The invention steels satisfying the requirements of 



the present invention are 
steels in the yield ratio 
balance. 
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superior to the comparative 
and weldability and strength 
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Example 3 

Among the hot-rolled steel sheets of the Example 1, 
a sheet of each the three types of B-1, E-2, and L-1 was 
run through a continuous alloying hot-dip galvanizing 
facility for heat treatment and hot-dip galvanizing. At 
this time, the maximum peak temperature was changed from 
700 to 970^0. 

The sheet was raised in temperature by a heating 
rate 20**C/sec to (maximum peak temperature-100) "^C, then 
raised in temperature by a rate of temperature rise of 
2°C/sec to maximum peak temperature, then cooled by a 
cooling rate of 0.2°C/sec to (maximum peak temperature- 
20)*C, then cooled by a cooling rate of 2**C/sec to 4 60**C. 

Next, the sheet was dipped in a coating tank (bath 
composition: 0. 11%A1-Zn, bath temperature: 460°C) , then 
raised in temperature by a rate of temperature rise of 
3°C/sec, then heated to a temperature of 520*'C to 550^*0 
shown in Table 4, held there for 30 sec for alloying 
treatment, then cooled. 

The basis weight of the coating was made, on both 
sides, about 50 g/m^. The skin-pass reduction rate was as 
shown in Table 4 . 

When satisfying the requirements of the present 
invention, the sheets are higher in yield ratio and 
superior in weldability compared with the comparative 
examples- 



s s s s 

III 



s s s s s 



S S £ S 



li 



1 



o o o o o 



o o o o o 



I 



3 2 o" 



I 



iiiissiiisiiiss 



- 37 - 

Example 4 

Each of the samples E^l, I-l, 1-2, L-1, and L-2 

of Table 1 was treated in the same way as in Example 2 up 
to dipping in the coating tank, then was air cooled until 
5 room temperature. The basis weight of the coating was 
made, on both sides, about 45 g/m^. The skin-pass 
reduction rate was as shown in Table 5. 

The invention steels satisfying the requirements of 
the present invention are superior to the comparative 
10 steels in the yield ratio and weldability and strength 
balance. 
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Examples 5 to 7 are cold^rolled steel sheets of the 
present invention . 
Example 5 

Each of the chemical compositions shown in Table 6 
5 was adjusted in the converter to obtain a slab. The slab 
was heated to 1250**C, hot-rolled ending at more than the 
Ar3 transformation temperature, that is^ 880*'C to 910*^0, 
to a steel sheet of a thickness of 3.0 mm, and coiled at 
550°C. 

10 This steel sheet was pickled, then cold-rolled to a 

sheet thickness of 1,4 mm. 

Next, heat treatment was performed under the 
conditions shown in Table 7. The sheet was held at the 
maximum peak temperature for 90 sec and cooled down to 

15 the (maximum peak temperature-130) ^^C at S^'C/sec After 

this, the sheet was cooled to the additional heat 
treatment temperature by SO^'C/sec and subjected to 
additional heat treatment for about 250 sec. The skin- 
pass reduction rate is as shown in Table 7. 

20 JIS No, 5 tensile strength test pieces were obtained 

from this steel sheet and measured for tensile properties 
in a direction perpendicular to the rolling direction. 
The spot welding was performed under the next conditions 
(a) to (e) . 

25 (a) Electrode (dome type) : tip diameter 6 mm<|) 

(b) Applied pressure: 4 . 3 kN 

(c) Welding current: (CE) right before expulsion and 
surface flash and (CE+1.5)kA 

(d) Welding time: 15 cycles 
30 (e) Holding time: 10 cycles 

After welding, JIS Z 3137 was used for a cross-joint 
tensile test. When indexed to the minimum value of CTS 
when welding test pieces by a welding current of CE 10 
times as "1", a minimum value of the CTS when welding by 
35 a welding current of the region of occurrence of 

expulsion and surface flash, that is, (CE+1.5)kA, of less 
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than 0.7 is evaluated as P (poor), of 0.7 to less than 
0.8 as G (good), and of 0.8 or more as VG (very good). 

The steel sheet of the present invention is superior 
in weldability, high in yield ratio, and relatively 
superior in ductility as well. 
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Example 6 

Steel was treated by the same procedure as with 
Example 5 until the cold-rolling. Each cold-rolled steel 
sheet was run through a continuous alloying hot-dip 
5 galvanizing facility for heat treatment and hot-dip 

galvanizing. At this, the maximum peak temperature was 
changed in various ways. 

Each sheet was raised in temperature by a heating 
rate of 20°C/sec until (maximum peak temperature-120) 

10 then was raised in temperature by a rate of temperature 
rise of 2**C/sec until the maximum peak temperature, then 
was cooled by a cooling rate of 0.2**C/sec to (maximum peak 
temperature-20)'*C, then was cooled by a cooling rate of 
2*'C/sec to 620^C, then was further cooled by a cooling' 

15 rate of 4°C/sec to 500^*0, then was cooled by a cooling 
rate of 2**C/sgc to 470^*0. 

Next, the sheet was dipped in a coating tank (bath 
composition: 0-ll%Al-2n, bath temperature: 470**C) , then 
was heated by a rate of temperature rise of I'^C/sec to 

20 520^C to 550^C, held there for 30 sec for alloying 

treatment, then cooled. The basis weight of the coating 
was made, on both sides, about 60 g/m^ . The skin-pass 
reduction rate was as shown in Table 8. 

JIS No. 5 tensile strength test pieces were obtained 

25 from each of these steel sheets and measured for tensile 
properties in a direction perpendicular to the rolling 
direction- The tensile properties, coatability, alloying 
reactivity, and spot weldability of the steel sheets are 
shown in Table 8. The spot weldability was evaluated in 

30 the same way as in Example 5. The coatability and 

alloying reactivity were evaluated as follows. 
Coatability 

G (good) : no noncoating 
F (fair) : some noncoating 
35 P (poor) : much noncoating 



Alloying reactivity 

G (good) ; no uneven alloying in surface appearance 
F (fair): some uneven alloying in surface appearance 
P (poor) : much uneven alloying in surface appearance 
The invention steels satisfying the requirements of 
the present invention are superior to the comparative 
steels in the yield ratio and weldability and strength 
balance . 
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Example 7 

Each of the samples E-1, E-2, I-l, 1-2, L~l, and L-2 
in Table 6 was treated in the same way as in Example 6 up 
until dipping in the coating tank, then was air cooled to 
5 room temperature. The basis weight of the coating was 
made, on both sides, about 45 g/m^* The skin-pass 
reduction rate was as shown in Table 9. 

The invention steels satisfying the requirements of 
the present invention are superior to the comparative 
10 steels in the yield ratio and weldability and strength 
balance. 
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INDUSTRIAL APPLICABILITY 

According to the present invention, it is possible 
to obtain high yield ratio high-strength hot-rolled steel 
sheet and cold-rolled steel sheet with a maximum tensile 
5 strength (TS) of 780 MPa or more and superior in 

weldability and ductility, high yield ratio high-strength 
hot-dip galvanized steel sheet, and high yield ratio 
high-strength hot-dip galvannealed steel sheet . 

Therefore, the present invention expands the 
10 applications of steel sheet and contributes to 

improvement of the steel industry and the industries 
using steel materials. 
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